Recruitment ran from 07h00 on 19 May 2014 to 06h59 on 26 May. Eligible patients included all patients aged ≥16 years (with the exception of the Wits hospitals) undergoing elective or non-elective inpatient noncardiac surgery during the 7-day recruitment period. Exclusions were planned day surgery, cardiac surgery, radiological procedures not requiring anaesthesia, and obstetric patients. Recruitment preoperatively, and follow-up until discharge, were performed by local investigators. The study was censored at 30 days postoperatively for patients still in hospital.
The EuSOS dataset was adopted with minor changes. The major deviation from the EuSOS protocol, as recommended by the EuSOS steering committee, was to censor the study at 30 days as opposed to 60 days because most of the deaths in EuSOS occurred within 30 days of surgery.
The same potential risk factors as in EuSOS were collected for in-hospital mortality and critical care mortality, but the primary indication for surgery, based on the categories of communicable diseases, NCDs and injuries, was added. Neurosurgical patients were included. To ensure consistency in data definitions and interpretation, the principal investigators (BMB and TEM) made site visits to meet with local investigators and provide study educational material. The website provided educational support and a regularly updated 'frequently asked questions' web page. The case report forms (CRFs) are available on the study website (www.sasos.co.za).
Data were collected on paper CRFs and were pseudoanonymised by unique numerical codes generated during data transcription onto an internet-based CRF. Each patient could only be identified on the electronic CRF by their numerical code. The co-ordinating study team could not trace data back to an individual patient without contact with the local team. Access to the data entry system was username and password protected. All electronic data transfer was encrypted using a secure protocol. The study was reported according to the STROBE statement. [10] 
Statistical analysis
Based on expected surgical volumes submitted to the steering committee from the participating hospitals, we believed that it would be possible to generate a sample size close to 7 500 patients during a 7-day recruitment period. We assumed the same mortality rate as that for EuSOS (4%) [3] and an admission rate to critical care of half that in EuSOS (4% v. 8%, respectively). [3] We could therefore include up to 30 variables in logistical regression models for mortality and critical care admission. [11] The data collected were all part of routine clinical care. Categorical variables were described as proportions and compared using χ 2 tests, Fisher's exact tests, Pearson's χ 2 tests or χ 2 tests with Yates's correction, as appropriate. Continuous variables were described as means and standard deviations (SDs) if normally distributed, or otherwise as medians and interquartile ranges (IQRs). Comparisons of continuous variables between groups were performed using unpaired t-tests or one-way analysis of variance, as appropriate. Univariate analysis was performed to test for risk factors associated with critical care admission and/ or in-hospital death.
Generalised linear mixed models using a logit link were used to identify independent risk factors for binary outcomes. These included one-level, hierarchical two-level and three-level models to account for the expected correlation in outcomes within hospitals and provinces. We used a threelevel generalised mixed model, with patients being at the first level, hospital at the second and province at the third. We excluded patients with missing values for potential risk predictors, and only used complete case analysis as <4% of the dataset was incomplete for a potential clinical risk predictor. [12] Results were reported as adjusted odds ratios (ORs) with 95% confidence intervals (CIs). All factors with a univariate association of p<0.05 were entered into the models. The exception was diabetes, which was not entered into the mortality model because we identified confounding between diabetes, American Society of Anesthesiologists (ASA) category and age. In the critical care admission regression, as nine of the 14 surgical categories had univariate associations with critical care admission, we entered a single surgical categorical variable into the regression. The average population-attributable risk (PAR) for variables associated with the outcomes was calculated [13] for a singlelevel model. Univariate and multivariate statistical analyses were performed using Statistical Package for the Social Sciences (SPSS) version 21 (SPSS Inc., USA). R statistical software package version 3.0.2 (R Foundation for Statistical Computing, Austria) was used to compute the PARs. All contingency table comparisons and unpaired t-tests between SASOS and EuSOS data were conducted using GraphPad Software Online Calculators (Graphpad Software Inc., USA).
Results
SASOS included 50 government-funded hospitals: 8 district hospi tals, 41 regional or tertiary hospitals and 1 specialised services hospital. These hospitals had a median of 5 (IQR 4 -8) operating rooms. Critical care units were available in 44/50 hospitals (88.0%). These units provided a median of 7 (IQR 4 -16) critical care beds, with a median of 6 (IQR 2 -10) beds with access to mechanical ventilation and 3 (IQR 0 -6) without mechanical ventilation.
The study recruitment is shown in the flow diagram in Fig. 1 The in-hospital mortality rate was 123/3 927 (3.1%; 95% CI 2.6 -3.7). There were no deaths at the district hospitals (0/255) and 122/3 624 deaths (3.1%; 95% CI 2.5 -3.7) at the regional and tertiary hospitals. The highest hospital mortality was 9.5%. The median duration of hospital stay was 3 days (IQR 1 -6). The rate of postoperative admission to critical care was 255/3 927 (6.5%; 95% CI 5.7 -7.3), with 144/3 927 (3.7%; 95% CI 3.1 -4.3) admissions planned and 111/3 927 (2.8%; 95% CI 2.3 -3.3) unplanned; 111/255 (43.5%) critical care admissions were un planned. More patients were admitted to critical care in the regional and tertiary hospitals (248/3 625, 6.8%) than in the district hospitals (7/255, 2.7%; p=0.008). Sixty-six of the patients who died (53.7%) were not admitted to critical care. Critical care mortality was 57/255 (22.4%). Patients who had un planned admissions to critical care had a signifi cantly higher mortality than those with planned admissions (37/111 (33.3%) v. 20/144 (13.9%), respectively; p<0.001) (Fig. 2) . The median duration of critical care stay was 3 days (IQR 1 -7). The generalised linear model for in-hospital mortality and the associated PAR for independent risk factors are shown in Table 2 .
The univariate associations with critical care admissions are shown in Table 3 . Of the patients, 132/3 927 (3.4%) had missing clinical risk predictor data for critical care admission. The generalised linear model for critical care admission and the associated PAR for independent risk factors are shown in Table 4 .
Comparisons between the SASOS data and the EuSOS data [3] are shown in Table 5 . The mortalities were not compared as the outcome durations were different, and we could not risk-adjust for the differences in comorbidities between the populations.
Discussion

Principal findings
The SASOS in-hospital mortality was 3.1%, with 6.5% of surgical patients having been admitted to a critical care unit. The median duration of hospital stay was 3 days (IQR 1 -6) and that of critical care 3 days (IQR 1 -7). Most surgery was urgent or emergency (2 120/3 915, 66.4%). Urgent and emergency surgery represented a significant PAR for mortality (25.5%; 95% CI 5.1 -55.8) and critical care admission (23.7%; 95% CI 4.7 -51.4). Unplanned critical care admission had a significantly higher associated mortality than planned admission. The SASOS data suggest that NCDs (reflected by metastatic cancers and stroke) have a larger proportional contribution to mortality than communicable diseases and injuries.
When compared with the EuSOS data, SASOS patients were significantly younger and there were fewer non-communicable risk factors. The most common comorbidity was HIV infection, although it was not associated with in-hospital mortality. SASOS patients underwent significantly more urgent and emergency surgery (p<0.0001). Although SASOS patients had a significantly lower rate of critical care admissions than those in EuSOS (6.5%; 95% CI 5.7 -7.3 v. 7.7%; 95% CI 7.5 -8.0), they had significantly more unplanned critical care admissions (p<0.0001). SASOS patients spent longer in critical care than EuSOS patients (3 days; IQR 1 -7 v. 1.2 days; IQR 0.9 -3.6, respectively).
Strengths and weaknesses of SASOS
The strengths of this study are that it included all the government-funded, public sector, tertiary hospitals in SA, 41/74 (55.4%) of the government-funded regional hospitals, and 50/410 (12.2%) of all government-funded hospitals. [14] SASOS is therefore possibly generalisable to government-funded regional and tertiary hospitals in SA.
By adopting the EuSOS protocol with minor modifications, SASOS provides data that are directly comparable with the EuSOS data and 28 European countries. This has important implications for generating consistent outcomes data for the Commission for Global Surgery. These are the first data from SA. Furthermore, this is the first study that has addressed the proportional contribution of the burden of disease categories (communicable diseases, NCDs and injuries) to perioperative mortality. The independent risk factors for in-hospital mortality were similar to those in EuSOS, suggesting that these risk factors are globally consistent. These risk factors are dominated by NCDs. As a result, the NCD burden contributes most to perioperative mortality. The SASOS data also provide external validation of the importance of non-communicable risk factors for perioperative mortality. Potential weaknesses of the study are that it only included 8/259 (3.1%) of the district hospitals in SA. [14] It is inappropriate to extrapolate the SASOS data to district hospitals, as although surgery may be limited in district hospitals, it is possible that the mortality is higher owing to limited resources, unmet surgical needs and a lack of provision for predominantly emergency surgery. [15] SASOS also only provides data from government-funded public sector hospitals in SA. It is possible that the burden of disease, case mix, prior health status, surgical techniques and outcomes may differ in the private sector hospitals.
Interpretation of the study
Based on the estimates of surgical volumes in SA by Weiser et al., [1] the SA population statistics for 2013 [16] and the SASOS data, the estimated mortality of surgery in adults (≥20 years of age) in SA is between 76 and 128 deaths per 100 000, which is equivalent to 7.2% and 12.1% of all deaths in the country. It is inappropriate to directly compare the mortality rate between SASOS and EuSOS, as SASOS was censored at 30 days, and the SASOS patients had significantly fewer comorbidities that are established as risk factors for perioperative mortality. As the crude mortality rates for SASOS and EuSOS are similar, it is possible that a risk-adjusted mortality rate for surgery may be higher in SA.
SASOS suggests that the benefits associated with surgery [4] are compromised for a number of reasons. The contributing SA hospitals had on average fewer operating rooms and critical care beds than reported in EuSOS, even though the majority of the hospitals in SASOS were regional and tertiary hospitals. This may have contributed to the finding that over 50% of patients who died were not admitted to a critical care unit. The potential benefits of surgery were further compromised by predominantly urgent and emergency surgery, resulting in more unplanned critical care admissions, an associated increased mortality, longer critical care stay, and therefore less critical care resources for patients. Urgency of surgery has a far larger proportional contribution to perioperative mortality than other preoperative surgical risk factors. Importantly, the mortality and critical care admission rate associated with urgent and emergency surgery are mainly due to factors other than injuries and violence, as injuries have little or no contribution to the attributable risk in SASOS. The importance of the PAR is that it quantifies the proportion of cases that can be attributed to a risk factor, [13] which permits stratification of preventive public health interventions on the outcome. The majority of urgent and emergency surgery occurs across all surgical disciplines and comorbidities, and late presentation of patients for surgery in SA contributes significantly to surgical morbidity and mortality. This is important in strategic planning to provide safe surgery in SA.
SASOS
The SASOS data suggest that NCDs have a larger proportional contribution to morbidity and mortality than infections and injuries. The contribution of NCDs to perioperative mortality in SA may be expected to increase as a result of epidemiological transition [17] and the success of HIV therapy in increasing life expectancy. [18] The SASOS data suggest that the SA health budget needs to allocate more funding: (i) to primary healthcare to identify and manage potential surgical pathologies; and (ii) to hospital and tertiary healthcare services to provide sufficient surgical and critical care services to decrease surgical morbidity and mortality.
The need for urgent and emergency surgery may have arisen from a number of factors, including: (i) poor primary healthcare and late detection of surgical pathology; (ii) poor medical management of 
Conclusion
In order to realise the full benefits of surgery in SA, it is important that a proactive strategy be adopted to increase surgical and critical care resources. Strategies aimed at decreasing the burden of urgent and emergent surgery should be implemented. 
